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NON-DESTRUCTIVE ULTRASONIC MEASUREMENTS 
OF THE CASE OP HARDENING DEPTH 


/I* 


Two ultrasonic methods for nondestructive measurement of the 
depth of a case-hardened layer- in steel are described. One method 
involves analysis of the amplitude of ultrasonic waves diffused back 
from the bulk of the workpiece. The other method involves finding 
the speed of propagation of ultrasonic waves launched on the surface 
of the work. Procedures followed in the two methods for measuring 
case depth are described separately at length. 


SUMMARY 

Description of two ultrasonic tests allowing the measurement of 
depth of case-hardened steel surfaces. One of them is based on wave 
diffusion by the structure of the material, the other on measurement 
of Rayleigh waves speed. 


I. INTRODUCTION 

Verification of a heat treatment of steel (case hardening, or 
tempering after superficial heating) can only actually be done by de- 
structive means on samples treated at the same time as the pieces or 
on pieces earlier removed from a production series. 

The study undertaken by Center d;’-Et'ude Technique des Industries 
Metallurglques has permitted the defining and putting to work two 
complementary methods capable of measuring the depth of the treatment 
without destroying the pieces. 

The first method consists of analyzing the amplitude of ultrasonic 
waves reflected backwards from the workpiece material. Observation of 
the amplitude of this diffusion as a function of time permits making a 

^Numbers in margin indicate pagination in foreign text. 
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count of the Important effect of treated layers whose generally fine 
structure Is only slightly diffusing. By an appropriate treatment 
of the Type B signal, the information Is presented In the form of an 
Image representative of a treated layer seen in section. This method 
permits the measurement of treated depths greater than about 3 mm. 

The second method is based on the determination of the speed of 
propagation of ultrasonic bases incited on the surface of the material. 
The relationship between this magnitude and depth of the treatment 
Is established by using the dependence between the speed of propa- 
gation of acoustical waves and the mechanical characteristics of the 
medium. The values of the medium are changed by the hardening oper- 
ation In the treatment. This second technique Is applicable in the 
case of treated depth less than ^3 mm^' 

These studies have aimed to develop an Instrument suitable for 
industrial measurements. It Is presented in the form of a portable 
control Instrument which Integrates in modular fashion, two specific 
pieces of apparatus in the two methods described above. 

The second method has permitted a further development at C. E. T. /2 

I. M. Independent of the commercial use cited above, in the form of 
research financed by the D. G. R. S. T. Here, measurements of the 
speed of propagation of surface waves is carried out as a function 
of the frequency of the waves. The researched purpose Is to measure 
the gradient of the hardening on the surface of the pieces by a non- 
destructive method. 

ORIGINAL PAGE IS 
OF POOR QUALITY 

II. FIRST METHOD: MEASUREMENTS BY OBSERVATION OF DIFFUSION. 

II. I Diffusion of Ultrasonic Waves 

Among the causes of the attenuation of ultrasonic waves propaga- 
ting in a polycrystalline material, the most Important is due to the 
phenomenon of diffusion by the small granules. This diffusion expres- 
ses Itself by a dissipation of energy in the form of ultrasonic radla-r 
tlon in all directions of space. The extent of this depends on the 
frequency of the vibration, the average diameter of the small granules 
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and the anisotropy of the granules. 

The measurement of the depth of treatment is based on the fact, 
observed by different researchers [1-4] that, for the same thick- 
ness of basic austentlte, the diffusion of ultrasonic waves is much 
weaker in the case of a martensite structure obtained by rapid cooling, 
than in the case of perlltic structure obtained by slow cooling. For 
structures such as bainlte, troostite, the diffusion shows an interme- 
diate value. 


II. 2 Principle of the Method 

The observation of diffusion ultrasonic energy is made by using 
a classical ultrasonic control deX^ice. A sonde pulse in the material, 
and the waves reflected towards the sonde are strongly amplified by 
the receiver in order to visualize the diffusion echoes on the screen 

of the apparatus . ; 

! 

I 


Figure 1: Principle of the method of treatment, depth measurement 



In practice, the sonde is placed in a connecting liquid and is 
inclined in _i;espect to the surface of the piece to avoid the large 
echo, reflected specularly from the surface, from being received by 
the sonde. 

On the screen of the apparatus, there is successively observed 
(Figures 2-3): 

- An echo, due to a diffused, reflection by the surface of the 
piece, the amplitude of which depends on the roughness of the same; 
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- A zone with no echo, representative of the absence of important 
diffusion in the heat-treated part; 

- A zone having a large number of echoes, the position of which 
seems uncertain as a function of an unsteady displacement of the sonde; 
this zone is representative of the diffusion in the part of the piece 
which is not heat-treated. 

Remark: These diffusion echoes, called "grass", are usually un- /3 

desirable for the classical error control methods. 


■ II. 3 Implementation of the Method 

The position of the diffusion echoes on the screen is random, and 
depends on the distribution of the grains in the material,.: Correct 

measurements are carried out by estimating an average observed value 
during one displacement of the sonde. 


This problem was resolved by designing a representation called 
"Type B" of diffusion echoes. For this purpose, the amplitude of the 
signal modulates the luminosity of the spot of a cathode tube with a 
memory. At the same time, the time base is applied to the vertical 


deviation plates, and the position of the probe controls the horizon- 
tal displacement (Figure 4). 




pered to 5 mm depth. 


for a piece tempered to a depth 
of 10 mm. 


III. SECOND METHOD; MEASUREMENTS OF THE SURFACE WAVE SPEED OF SOUND 
III.l Principle of the . method. 


ORIGINAL PAGE IS 
OF POOR QUALITY 
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The principle of the method is based on the determination of the 
propagation velocity of ultrasonic waves which are Induced on the sur- 
face of the material. The relationship between, this quantity and the 
treated depth is established by using the dependence between the propa- 
gation velocity of acoustic waves, and the characteristics of the medium 
(in particular. Young’s modulus). These values are changed due to the 
hardening operation during tempering. 


The technique consists of triggering a surface wave using an emit 
ting sonde. Because it has variable inclination, the critical angle 
can be found beyond which there is total reflection. This angle cor- 


responds to the. limit of existence 



Figure 4: Implementation of 

the method. 


of longitudinal and transverse 



Figure 5: Representation of 

type "B", tempering depth 
5 mm. 


refracted waves and corresponds to the condition for the production of 
a complex surface wave which mechanically affects the medium over a 
depth which can be evaluated to be approximately one wavelength. 


The measurement of the critical angle allows one to derive the 
propagation velocity using the relationship, sin 0 = V/V^, derived 

from the law of Descartes. From this, the variations over various 
parts of a sample can be evaluated, or the difference between various 
samples, compared with a non-treated sample. In this way one can de- 
termine the depth of zones which are affected by the treatment. 
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Figure 6: Representation of type ”B", tempering depth 10 mm. 

Ij;:. III. 2 Principle of Measuring the Critical Angle. 

In the technique we adopted, the critical angle is determined by 
observing the reflected bundle which is reflected by the surface which 
results in a lateral displacement when the critical angle is reached. 

The analysis of the reflected bundle is carried out by installing 
a cylindrical mirror which returns the energy towards the emitting 
sonde in an Inverse manner. The amplitude of tlie received echo passes 
through a minimum value for the critical angle, so that the value can 
be derived. 

III. 3 Implementation of the method 

The measurement allows one to define an angle or a propagation 
velocity of a surface wave having a determined frequency. The deter- 
mination of the treated depths requires a calibration which ■ consists r- 


ORIGINAL PAGE IS 
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Figure 7”. Principle of the Method 
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Figure 8: Visualization of the Reflected Bundle at the 

Critical Angle. 

of performing a measurement of a non-treated sample,, which has the 
following same characteristics as the treated sample: 

-■-type of steel 

- form and state of the surface 

- strictly identical positioning in the control device. 

The variation of the propagation velocity which was measured is /5 
plotted on the nomogram shown in Figure 9. From it, one can derive 
the average treated depth if one knows the frequency of the surface 
waves used and also the variation range of the velocities involved. 

(This range depends on the type of steel and the definition given to 
the treatment depth). 


IV. DISCUSSION OF MEASUREMENT APPARATUS 

The control device which was developed is in the form of a porta- 
ble control complex which consists of the following: 

- a standard part which Includes the emission" and receiving de- 
vices for ultrasonic waves, and the cathode tube part used for visual- 
ization of echoes. 

- a modular part, a drawer which can contain either of the two 
devices specific to the two methods discussed above. 

The photograph shows the apparatus Installed in the frame for the 
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Figure 10 , 
method . 



For each of these methods,, a specific sonde carrier was developed 
for measurement. 1' . 1 


IV. 1 Drawer for large depths ■ (measurement s by observing diffusion) 

This drawer essentially constitutes the interface which allows 
type B visualization. In order to avoid the use of a memory cathode 
tube, which Is ' relatively fragile and which does not allow one to 
fix the trace of the Image obtained, the signal Is electronically tr'ie at-.l 
i ed so that the. Image "B" can be provided by a printer. 


The scale of the Image obtained can be selected among various sim- 
ple scales (for example 0..5, 1, 2), so that the reading of the thick- 
ness Is facilitated. 
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As an option, it would be possible to add an automatic sorting 
system for samples with respect to two previously pre-adjusted thres- 
holds. 

The standard control sonde allows one to carry out measurements /6 
for samples with a simple geometric shape. In all other cases, it : 
would be necessary to adapt this sonde to the control samples. 


IV. 2 Drawer for Small Depths (Measurement for the Speed of Sur- 
face Waves) 

This drawer has several purposes 

- command of angular motion of the sonde; 

- automatic measurement of a quantity proportional to the critical 
angle which corresponds to the minimum energy received by the sonde on 
the return leg 

- comparison of .the measurement to the measurement carried out 
previously for a non-treated sample, and which is manually indexed by 
the operator. 

The apparatus directly labels the sample with a quantity propor- 
tional to this angular difference, and this can be simply plotted on 

the calibration nomogram. 

r 


Figure 11. 

The sonde holder consists of a sonde placed under local immersion 
conditions in a chamber,, which on the sample side is limited by a semi- 
elastic membrane for control purposes. 

The rotation motion of the sonde is controlled by a motor and the 



Q 



position is measured. 


Various fixing methods for the sample (standard or specific ones) 
can be attached to the lower part (on the side of the sample to be 
checked) . 

V. DEVELOPMENTS OP THE METHOD USING THE. SURFACE WAVES. 

The method of determining the case hardening depths uses measure- 
ments of the speed of surface waves having a known frequency. This 
technique was supported by the- C.E.T.I.M. and research financed by 
D.G.R.S.T. where the measurement is performed as a function of fre- 
quency. 

One can evaluate the penetration depth of a surface wave into the 
material to be approximately equal to one wavelength. By varying the 
frequency, the investigated depth changes and one can evaluate the 
variations of the mechanical characteristics as a function of the depth 
using experimental values of the propagation velocity measured for each 
frequency. For this purpose, we performed a theoretical analysis. On 
a computer we can determine the propagation velocities as a function 
of frequency for a material model in which the mechanical characteristics 
Young^^ modulus, Poissant coefficient vary as a function of depth. The 
hardness to mechanical charactelstlc relationship is estimated experi- 
mentally in the case of tempering treatments. 

Figure 12 shows an example of results obtained: 

- the graph on the left shows the variation of hardness as' a func- 
tion of depth for a given sample; 

- the graph oh the right shows the variations of propagation velo- 
city as a function of frequency over the wavelength. 

- the results of the theoretical calculation obtained from the /7 
hardness graph are given by the continuous curve.' The points are rep- 
resentative of experimental measurements. 

The tests carried out for 100 samples with various configurations 
showed a good correlation between experimental measurements andf c 
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theoretical calculations. 



VI". ; .REFERENCES 


1. Papadekls, E. P.: Ultrasonic Attenuation Caused by Scattering In 
Polycrystalllne Media - Physical Acoustics, Vol. IV., Part B, 
Academic-Press, New York (1968). 


2. Papadekls, E. P .: Ultrasonic Attenuation and Velocity In Three 
Transformation Products In Steel, Journal of Appl. Physics, 
Vol. 33 , No. 3., (.1964), pp. l47.4 to 1482. 


3. Koppelman, I.: Ultrasonic Measurements of the Tempering Depth on 

a Steel Cylinder, Materlalprufung, No. 9, 11 (1967), p. 401 to" 
403. 

4. Plambard, C.: Non-destructive Determination of Case-Hardenings 

Depths. CETIM Informations, No. 26 (1972), pp. 18-27. 

5. Plambard, C, Lambert, A,: Measurement of the TemperlhgrDepth Using 

Ultrasonic Wave Diffusion. CETIM-Inf ormatlons , (April, 1973), 
p. 9-l6 

6. Lambert, A.: Experimental and Theoretical Research for Developing 

a Non-Destructive Measurement Method for the Variation of Hard- 
ness In Metal Surface Layers. Summary of Contract No. 72-7-0666 
Comlte Mecanlque (September, 1975). 


11 












: - ~^fY\ ^ 

2180 Category 38 






destructive testing. 2. Pawlowski (Polska Akaclemia Nauk. Instyfut 
Podsiawovvycb Problemow Techniki, Warsaw. Poland). In: World 
Conference on Nondestructive Testing, 8ih, Cannes, France, 
September 6-11, 1976, Piocoedings. (A77-30101 13-381 Paris. In- 
ititut de Soudure. 1976, Plenary Conferences, Paper P3. 9 p. 

Trends in the exploration, development, and extension of. 
nondestructive lest methods are discussed on the basis of certain 
common features shared by all existing methods. Attention is given 
to such aspects of the test methods ns the interaction of physical 
fields with material flaws, extraction of irtfoimation from an 
ultrasonic signal reflected by a flaw, characterization of material 
macrostructure, in-service testing ol assemblies ar\d compor^ents, and 
computer simulation. Recent trends noted include ultrasonic mea- 
surements, thermovision, various types of radiography, holography, 
image synthesis, and X-ray nricrography. Mechanization of simple 
operations is suggested as a means of overcoming operator fatigue 
and making nondestructive testing more efficient, loss laborious, and 
more reliable. F.G.M. 
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Testing, 8th, Cannes, France, September 6-11, 1976, Proceedings. 
(A77-30101 13-38) Paris, Institut de Soudure, 1976, Formal Lec- 
tures. Paper M2. 8 p. In French. 

The role of nondestructive testing of flaws in materials is 
discussed along with the organization of quality control in terms of 
user-supervision, design department, fabrication, technological de- 
velopment, quality control, and nondestructive testing. A critical 
discussion is presented of the situation pertaining to the selection 
and application of acceptance criteria for weld flaws. The role of the 
International Institute of Welding is highlighted. Future trends in the 
organization of nondestructive testing of weld flaws are noted. S.D. 


A77-30108 // Contribution to research on optimum tech- 

niques in steel radiography using cobalt 60 (Contribution a la 
recherche des techniques optimales en radiographie de l-acier avec le 
rayonnement du cobalt 60). J. Cheret and A. Nouvet (Ministere de la 
Defense, Paris, France). In: World Conference on Nondestructive 
Testing, 8th, Cannes, France, September 6-11, 1976. Proceedings. 
(A77-30101 13-38) Paris, Institut de Soudure, 1976, Section 3E, 
Paper 3E-3. 8 p. In French. 

Films, filters, and screens are compared as to materials, 
thickness, and image quality in radiography of steel specimens 
ranging 80 to 140 mm thick with Co-60 radiation. Use of 
combinations of a forward screen of 'S'-afloy, ‘S'-alloy plus Pb, or 
nickel, and a rear screen of Pb or a filter is a.ssessed as to effect on 
imago quality. Use of a forward Pb screen is iudged counter- 
productive. The 'S'-alloy is a cobalt base suporalloy. Use of a Pb 
backing filter (rear screen) is recommended. R.D.V. 


jA77-30115 // High-energy televised industrial radioscopy, in 

inspection of solid-propellant engines (Radioscopie industrielle tele- 
vit^e ^ haute energie appliquee aux moteurs a carburant solide). V. 
Chalmeton, C. Patanchon, and C. Mesnage (Laboratoires d'Elec- 
tronique et de Physique Appliquee, Limeil-Brevannes, Val-cle-Marne; 
Society Nationafe des Poudres et Explosifs, Saint-Medard en-Jalles, 
Gironde, France). In: World Conference on Nondestructive Testing. 
,8th, Cannes, France, September 6-11, 1976, Proceedings. (A77- 
30101 13-38) Paris, Institut de Soudure, 1976, Section 3E. Paper 
3E-13. 8 p. In French. 

A televised radioscopy system using 400 kV X-rays, for speeding 
up industrial radiographic inspection work and facilitating NOT of 
moving parts, is described. The system incorporates an image 
converter and image intensifier tube, and a closed-circuit television 
system with wide-angle optics. Missile solid-propellant propulsion 
engines are examined by the system for cracks, nonuniformiiies, 
presence of foreign bodies, cavities, changes in charge geometry. The 
system features good detection sensitivity with ease of identification 
and filing of plates, but requires long setup times for precision 
inspection (1 to 4 weeks) and consumes a large volume of imaging 
materials. R.D.V. 
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case depth (Mesure non destructive par ultrasons des profondeurs de i 
ieidmentation-trempe). C. Flambard and A. Lambert (Centre d'Etude j 
Technique des Industries Metaliurgiques, Senlis, Oise, France). tn: | 
World Conference on Nondestructive Testing, 8lh, Cannes. France,] 


International Aerospace Abstracts 


September 6-11, 1976, Proceedings. (A77-30101 13*38) Paris. In- 
stiuit de Soudure, 1976, Section 1C, Paper lC-1. 7 p. 6 refs. In 
'French. 

Two ultrasonic methods for nondestructive measurement of the 
depth of a case-hardened layer in steel are described. One method 
involves analysis of the amplitude of ultrasonic waves diffused back 



from the bulk of the workpiece. The other method involves finding 
the speed of propagation of ultrasonic waves launched on the surface 


of the work. Procedures followed in the two methods for measuring 
case depth are described separately at length. ' R.D.V. 


A77-30118 f! Ultrasonic reverberation time measurement for 

detection of grain boundaries softening. J. Oeputat (Polska Akade 
mia Nauk, Instytut Podstawowych Problemow Techniki, Warsaw, 
Poland) and J. Szczurek (Wytwornia Spizetu Komunikacyjnego. 
Rzes/ow. Poland). In: World Conference on Nondestructive Testing, 
8th, Cannes, France, September 6-11, 1976, Proceedings. (A77 
30101 13-38) Paris, Institut de Soudure, 1976, Section 1C, Paper 
lC-2. 5p. 

Reverheraboh time measurements and their use in the evalua- 
tion and selection of aerospace turbine blades containing dissolved 
grain boundaries in the surface layer are discussed. General ad- 
vantages of using ultrasonic reverberation time as a tool are pointed 
out. The intricate shape of the turbine blade (tapered and twisted 
profile, cross section varying along the shank, surfaces of blade 
convex on one side and concave on the other) rule out reliance on 
the ultrasonic attenuation factor, and other NDT methods are also 
diflicult to use to advantage in this application. The reverberation 
time measurements aid in detecting structural differences, measuring 
grain size, assessing grain boundary quality, and establishing the 
presence, size, and concentration of flaws. R.D.V. 
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the non-destructive material testing. W. Stumm (Institut Dr, Forster, 
Reutlingen, West Germany). In: World Conference on Non- 
destructive Testing, 8th, Cannes, France, September 6-11, 1976, 
Proceedings. (A77-30101 13-38) Paris, Institui de Soudure, 1976, 
Section 3C. Paper 3C-1. 5 p. 5 refs. 

The discussion covers; NDT signal evaluation by general 
transformation methods, linear and nonlinear transformations im- 
portant in multiparameter NDT work, generalized transformations 
with generalized frequency in the frequency domain, and some 
practical applications in NDT based on eddy currents and flux 
leakage. Two-channel and multifrequency eddy current systems are 
considered in the discussion of linear transformations. Application of 
a simple nonlinear transformation to compensation of centering 
errors in eddy current feedthrough coil rests is outlined. The 
generalized frequency approach is applied to inspection of cracks and 
inclusions in reactor holes and reactor rods. R.D.V, 
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The response of a pickup coil in air to a pulsed dipole current at 
a point below the surface of a metal, simulating a point defect in that 
location, is analyzed. Curves of the coil response voltage as a 
function of flaw-coil spacing are plotted. Changes in peak voltage 
caused by lift-off ate plotted, and the amplitude and' time of the 
|jeak response voltage are presented. The pickup coll is treated as an 
Integral to be evaluated by computer. Results are applicable to 
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